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The present invention relates to a composition for eye drops which causes no ocular irritation and is stable. 
More particularly, it relates to a composition for eye drops comprising as a main effective component 3,4-dihyd- 
ro-2,8-diisopropyl-3-thioxo-2H-1,4-benzoxazine-4-acetic acid. 

3,4-Dihydro-2,8-diisopropyl-3-thioxo-2H-1 ,4-benzoxazine-4-aceticacid (hereinafter referred to as the "pre- 
5 sent compound") is, for example, disclosed in U.S. Patent No. 4,771,050, as a compound having excellent 
aldose reductase inhibitory activity and platelet aggregation inhibitory activity and, further, is useful as a medi- 
cine for preventing and treating diabetic complications such as diabetic cataract, keratopathy, retinopathy, 
neuropathy and nephropathy. Thus, the present compound can be used as a medicine in the field of ophthal- 
mology, for example, diabetic cataract, keratopathy and retinopathy as described above. For a medicine in the 
10 field of ophthalmology,it is generally desirable to apply the medicine by eye drops rather than by oral admini- 
stration or injection from the viewpoint of side effects. However, if the present compound is formulated as eye 
drops, there are problems of stability, ocular irritation and the like, and the problems have not yet been solved 
until now. 

When the present compound is formulated as eye drops for the purpose of treating diabetic cataract, reti- 
na nopathy and the like, there have been found disadvantages that stability on storage for a long period of time 

is insufficient and an undesirable insoluble material Is formed in the resulting eye drops. Further, strong ocular 

irritation is caused when the present compound is applied by eye drops in the form of an aqueous solution. 

Therefore, although the present compound has excellent pharmacological activities, any practical eye drops 

containing it have not been obtained. 
20 The main object of the present invention is to provide a composition suitable for eye drops containing the 

present component which can be practically used. 

This object as well as other objects and advantages of the present invention will become apparent to those 

skilled in the art from the following description. 

The composition for eye drops of the present invention comprises as a main effective component the pre- 
25 sent compound, that is, 3,4-dihydro-2,8-diisopropyl-3-thioxo-2H-1,4-benzoxazine-4-acetic acid or a phar- 

maceutically acceptable salt thereof (in the following description, the term "the present compound" means "the 

present compound or a salt thereof except where no salt is cleariy included from the context). The present 

compound is represented by the fomnula (I) : 
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The present inventors have intensively studied so as to obtain a composition for eye drops containing the 
present compound, which causes no ocular irritation and is stable. As a result, it has been surprisingly found 

40 that, by formulating cyclodextrin and optionally a water-soluble polymeric compound, a composition for eye 
drops which causes no ocular inritation and is stable can be obtained. Further, it has been also found that, when 
a chelating agent and/or boric acid are further added to the composition, alleviation of ocular irritation and stabi- 
lity can be further improved. The present Invention has been completed based on this finding. 

That is, according to the present invention, there is provided (1) a composition for eye drops comprising 

45 as a main effective component 3,4-dihydro-2,8-diisopropyl-3-thioxo-2H-1,4-benzoxazine-4-acetic acid or a 
pharmaceutically acceptable salt thereof and,cyclodextrin, (2) a composition of (1) further containing a water- 
soluble polymeric compound, (3) a composition of (2) further containing a chelating agent, and (4) a composition 
of (3) further containing boric acid. 

As described above, the present compound is disclosed in U.S. Patnet No. 4,771,050 and, for example, it 

50 can be conveniently produced according to the method disclosed in the above patent or modification thereof. 
In the present invention, the present compound may be used as a pharmaceutically acceptable salt thereof. 
Examples of the salt of the present compound include salts with alkali metals such as sodium, potassium and 
the like; salts with alkaline earth metals such as calcium, magnesium and the like; salts with aluminum and the 
like, and alt of them can be suitably used. 

55 The composition foreye drops ofthe present invention can be obtained by dissolving the present compound 

in water together with cyclodextrin. Examples of cyclodextrin include a-, p- and y-cyclodextrin, and their deri- 
vatives. For the purpose of the present invention, p-or y-cyclodextrin is preferred and, particularly, p-cyclodextrin 
is advantageously used. 



2 



EP 0 472 327 A1 

The composition according to the present invention optionaily contains a water-soluble polymeric com- 
pound in addition to cyclodextrin. As the water-soluble polymeric compound to be used is a pharmaceutically 
acceptable water-soluble polymeric compound which is effective for preventing formation of a water-insoluble 
matter. Particularly, a water-soluble polymeric compound which can provide viscosity to the composition is pre- 

5 fenred and a water-soluble polymeric compound having an average molecular weight of about 5,000 to 
5,000,000, preferably, about 10,000 to 1,000,000 is suitable. Examples thereof include polyvinyl pynrolidone, 
polyvinyl alcohol, hydroxy propyl methyl cellulose, carboxypropylcellulose, hydroxyethyl cellulose, hydroxyp- 
ropyl cellulose, sodium polyacrylate and the like. Among them, polyvinyl pyrrolidone, polyvinyl alcohol or hyd- 
roxy propyl methyl cellulose is preferred. Particularly, when using polyvinyl pyrrolidone having an average 

10 molecular weight of about 25,000 to 120,000, preferably about 40,000, good results can be obtained. When 
the water-soluble polymeric compound which can provide viscosity to the composition as described above is 
added, there is no need to add another kind of viscous agent to the composition of the present invention. 

The concentration of the present compound in the composition of the present invention should be approp- 
riately selected according to the type and the condition of ocular disease. For example, when the composition 

15 is applied to an adult patient of diabetes, the concentration is nonmally about 0.01 to 1 WA/ %, and the compo- 
sition is applied 3 to 5 times per day with 1 to a few drops per one application. The dosage can be appropriately 
changed according to a particular purpose. 

The concentration of cyclodextrin and the water-soluble polymeric compound in the composition of the pre- 
sent invention may also be appropriately selected according to conditions of a particular patient, a concentration 

20 of the present compound and other conditions. In many cases, it is preferred that the amount of cyclodextrin 
is about 0.005 to 5 WA/ % and the amount of the water-soluble polymeric compound is about 0.2 to 20 WA/%. 

In addition to the components as described above, a chelating agent can be formulated in the composition 
for eye drops according to the present invention. It is considered that the addition of the chelating agent is par- 
ticularly effective for preventing formation of an insoluble matter in the composition of the present invention. 

25 As the chealting agent, there can be appropriately selected from chelating agents which are normally added 
to medicines, for example, disodium edetate, sodium citrate, condensed sodium phosphate and the like. The 
concentration of the chelating agent in the composition according to the present invention may also be approp- 
riately selected according to conditions of a particular patient, a concentration of the present compound and 
other conditions. In many cases, it is preferred that the amount of the chelating agent is about 0.01 to 1 WA/%. 

30 Boric acid may be further formulated in the composition for eye drops of the present invention. It is con- 

sidered that the addition of boric acid is effective for obtaining the preservative activity and, further, is effective 
for stability and alleviation of ocular irritation. The concentration of boric acid in the composition according to 
the present invention may also be appropriately selected according to conditions of a particular patient, a con- 
centration of the present compound and other conditions. In many cases, it is preferred that the amount of boric 

35 acid is about 0.2 to 4 WA/ %, preferably about 0.5 to 3 W/V %. The use of boric acid is also preferred because 
it provides a buffering property to the composition of the present invention as described hereinafter. 

In addition to the components described above, other ingredients which are normally used for eye drops 
can be formulated in the composition of the present invention unless interfering with the purpose of the present 
invention. Examples of such other ingredients include buffers, isotonizing agents, bactericides and the like. 

40 Examples of buffers include acetate buffer, phosphate buffer and the like. In the composition of the present 
invention, the chelating agent can be added as described above and, when sodium citrate is used as the chelat- 
ing agent, it also acts as a buffer. Further, when boric acid is formulated in the composition, boric acid also 
acts as a buffer, and it is advantageous. 

Further, an effective component other than the present compound may be formulated into the composition 

45 of the present invention unless interfering with the purpose of the present invention. Examples of such an effec- 
tive component include an analgesic, an anti-inflammatory drug, an antiallergic drug, a wound healing drug, 
an antibiotic and the like. 

In the composition for eye drops of the present invention, it is preferred that the acidity or alkalinity is adjus- 
ted to about pH 4 to 9, particulariy about pH 6 to 8, from the viewpoint of stability, ocular irritation and the like 
50 of the present compound contained therein. For adjusting the acidity or alkalinity, an aqueous sodium hydroxide 
solution, diluted hydrochloric acid and the like can be used according to a conventional method which is nor- 
mally used for adjusting pH of eye drops but are not limited to this. 

According to the present invention, there is provided a composition for eye drops comprising the present 
compound, which is stable for a long period of time and causes no ocular irritation. Thus, the composition of 
55 the present invention is effective for preventing and treating diabetic complication such as diabetic cataract, 
keratopathy, retinopathy and the like in the field of ophthalmology. 

The following Experiments, Examples and Comparative Examples further illustrate the present invention 
in detail. 
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Experiment 1 

Stability of the present compound by the addition of cyclodextrin 

5 The present compound was dissolved in a phosphate buffer solution (pH 6.5) so that its concentration 

became 0,2 WA/ %. Then, to this solution was added p-cyclodextrin so that the concentration became 0.4 WA/ 
%, 0.75 W/V % or 1.5 WA/ % to obtain three solutions. These solutions were filled into glass bottles and stored 
at 60°C, respectively to evaluate the stability. The results are shown in Table 1. 

10 Table 1 

Residual content (%) of the present compound 



15 



20 



25 



30 



35 



40 



45 



55 



Storage period B-cyclodextr in (W/V %) 







0 


0.4 


0.75 


1.5 


1 


week 


87,8 


92,9 


94.4 


96.2 


2 


weeks 


77.6 


85.3 


89.6 


93.4 


3 


weeks 


71.0 


82.2 


88. 2 


91.4 



As is seen from the results of Table 1 , the present compound in the buffer solution is stabilized by the addi- 
tion of p-cyclodextrin. 

Experiment 2 

Ocular irritation test 

The compositions prepared according to Examples 1 to 5 and Comparative Examples described hereinafter 
were applied to 10 healthy men, respectively to compare the degree of ocular irritation. 

Example 1 

The present compound 0.05 g 

Sodium chloride 0.9 g 

a-Cyclodextr in 1.0 g 

Sodium hydroxide suitable amount 

Sterile purified water up to 100 ml 



To sterile purified water were added the present compound, sodium chloride and cyclodextrin to dissolve 
50 them and the mixture was adjusted to pH 6.5 with sodium hydroxide. Then, sterile purified water was further 
added to adjust the total volume to 100 ml, which was filtered using a 0.22 ^m membrane filter to obtain the 
desired composition for eye drops. 



Examples 2 to 4 and Comparative Examples 1 and 2 

According to the same procedure as that described in Example 1, the composition of Example 2 was 
obtained except that (J-cyclodextrin (1 .0 g) was used instead of a-cyclodextrin (1 .0 g). Likewise, the composition 
of Example 3 was obtained except that y-cyclodextrin (1.0 g) was used instead of a-cyclodextrin (1.0 g) of 
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Example 1. The composition of Example 4 was obtained except that polyvinyl pyrrolidone (average molecular 

weight: 40,000; 1 .0 g) was used instead of a-cyctodextrin (1 .0 g) of Example 1 . The composition of Comparative 

Example 1 was obtained except that sodium hydrogen sulfite (0.5 g) was used instead of a-cyclodextrin (1.0 g) 

of Example 1 . Further, the composition of Comparative Example 2 was obtained except that a-cyclodextrin was 
5 eliminated from Example 1. 

The results of the ocular inritation test which was carried out by using each composition described above 

are shown in Table 2. The numerical value used in Table 2 means the degree of irritation on application which 

is scored according to the following criteria. 

0: no irritation and no unpleasant feeling 

10 1: slightly irritated 

2 to 3: inritated 

4: extremely irritated 

5: unbearably irritated 

Table 2 



Ocular irritation test (I) 



20 


Pe r son No . 


1 


Example 
2 3 


NO • 

4 


Comp • 

1 


2 




1 


4 


0 


2 


4 


5 


4 


25 


2 


5- 


1 


3 


3 


5 


4 




3 


5 


1 


4 


5 


5 


5 




4 


3 


0 


2 


4 


. 4 


4 


30 


5 


4 


0 


2 


4 


4 


4 




6 


4 


0 


3 


5 


5 


4 


35 


7 


4 


0 


2 


4 


4 


4 




8 


5 


1 


3 


5 


5 


5 




9 


4 


0 


2 


4 


4 


4 


40 


10 


4 


1 


4 


5 


4 


5 




Average 


4.2 


0.4 


3.0 


4.3 


4 


.5 4.3 
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As is seen from these results, the addition of cyclodextrin, particularly p-cyclodextrin is effective for alleviat- 
ing irritation on application of eye drops. 

50 Experiment 3 

Effect for preventing formation of insoluble matter 

By using the compositions of Examples 5 to 7 and Comparative Example 3, severe test was carried out. 
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Example 5 



The present compound 



0, 2 g 



5 



6-Cyclodextr in 



0,9 g 



Monbsodium phosphate 



0.6 g 



10 



Disodium edetate 



0.1 g 



Sodium hydroxide 



suitable amount 



Sterile purified water 



up to 100 ml 



15 



To sterile purified water were added the present compound, p-cyclodextrln, monosodium phosphate and 
disodium edetate to dissolve them and the mixture was adjusted to pH 7 with sodium hydroxide. Then, sterile 
purified water was further added to adjust the total volume to 100 ml, which was filtered using a 0.22 ^m mem- 
brane filter to obtain the desired composition. 



Examples 6 and 7 and Comparative Example 3 

According to the same procedure as that described in Example 5, the composition of Example 6 was 
obtained except that polyvinyl pyrrolidone (average molecular weight: 40,000; 2g) was used instead of disodium 
25 edetate (0. 1 g). Likewise, the composition of Example 7 was obtained except that polyvinyl pyrrolidone (average 
molecular weight: 40,000; 2g) was added to the composition of Example 5. Further, the composition of Com- 
parative Example 3 was obtained except that disodium edetate was not added in Example 5. 

The compositions prepared according to the above Example 5 to 7 and Comparative Example 3 were filled 
into glass bottles and stored at 80°C and 60°C, respectively. Then, the formation of insoluble matter was obser- 
30 ved. The results are shown in Table 3. 
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Table 3 



Foreign insoluble matter test 



Storage conditions 



Example No. Comp. Example 3 

5 6 7 



80^C, 1 day 

3 days 
7 days 



+ 
+ 
+ 



+ 
+ 

++ 



60°C/ 1 week 

2 weeks 

3 weeks 



+ 
+ 



± 



+ 
+ 
+ 



(Note) Each symbol means as follows: 
No insoluble matter was observed* 
Only a little insoluble matter was observed. 
Insoluble matter was slightly observed. 



+ 
+ + 



Relatively large amount of insoluble 
matter was observed. 



As is seen from the above results, in the connposition for eye drops containing neither disodium edetate 
35 nor polyvinyl pyrrolidone, relatively large amount of the insoluble matter is formed and, when either of them is 
fomnulated, the amount of the insoluble matter formed is relatively decreased and, further, when both of them 
are added, it is stable even under severe conditions. 



Experiment 4 

Effect of preservative on ocular irritation 
Example 8 



The present compound 
6-Cyclodextr in 
Sodium chloride 
Benzalkonium chloride 
Sodium hydroxide 
Sterile purified water 



0.2 g 
0.9 g 
0.9 g 
0.005 g 
suitable amount 
up to 100 ml 



To sterile purified water were added the present compound, p-cyclodextrin, sodium chloride and benzal- 
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konioum chloride to dissolve them and the mixture was adjusted to pH 7 with sodium hydroxide. Then, sterile 
purified water was further added to adjust the total volume to 1 00 ml, which was filtered using a 0.22 ^im mem- 
brane filter to obtain the desired composition. 

5 Examples 9 to 15 

According to the same procedure as that described in Example 8, the composition of Example 9 was 
obtained except that chlorobutanol (0.3 g) was used instead of benzalkonium chloride (0.005 g). Likewise, the 
composition of Example 10 was obtained except that phenethyl alcohol (0.5 g) was used instead of benzal- 

10 konium chloride (0.005 g) in Example 8. The composition of Example 11 was obtained except that benzyl 
alcohol (0.5 g) was used instead of benzalkonium chloride (0.005 g) in Example 8. The composition of Example 
12 was obtained except that thimerosal (0.001 g) was used instead of benzalkonium chloride (0.005 g) in 
Example 8. The composition of Example 13 was obtained except that sorbic acid (0,1 g) was used instead of 
benzalkonium chloride (0.005 g) in Example 8. The composition of Example 14 was obtained except that methyl 

15 paraoxybenzoate (0.026 g) and propyl paraoxybenzoate (0,014 g) were used instead of benzalkonium chloride 
(0.005 g) in Example 8. The composition of Example 15 was obtained except that boric acid (2.0 g) was used 
instead of benzalkonium chloride (0.005 g) and sodium chloride was eliminated in Example 8. 

The compositions produced according to Examples 8 to 15 were applied to 10 healthy men, respectively 
to compare the degree of ocular irritation. The results are shown in Table 4. 

20 

Table 4 



Ocular irritation test (II) 

25 





Person No. 


8 


9 


10 


Example 
11 


No. 

12 


13 


14 


15 


30 


1 


0 


1 


5 


5 


0 


2 


4 


0 




2 


1 


2 


4 


4 


1 


3 


4 


1 




3 


1 


2 


4 


4 


1 


4 


4 


0 


35 


4 


1 


3 


4 


4 


1 


4 


4 


0 




5 


2 


4 


5 


5 


2 


4 


5 


1 


40 


6 


1 


2 


4 


4 


0 


3 


4 


0 




7 


0 


1 


3 


3 


0 


2 


3 


0 




8 


1 


2 


4 


4 


1 


3 


5 


0 


45 


9 


1 


2 


4 


4 


1 


3 


4 


0 




Id 


2 


3 


4 


5 


1 


4 


5 


1 




average 


1 , 0 


2 . 2 


4.1 


4.2 


0.8 


3.2 


4.2 


0.3 
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(Note) The numerical values in Table 4 are the 
same as those of Table 2 

As is seen from the above results, it is preferred to use boric acid, thimerosal or benzalkonium chloride as 
an preservative. It is found that chlorobutanol, sorbic acid, phenethyl alcohol, paraoxybenzoate esters, benzyl 
alcohol and the like can be used as the preservative, in addition to these compounds. 
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Experiment 5 
Stability test 
5 Example 16 

The present compound 0.2 g 

6-Cyclodextrin 0.9 q 

Polyvinyl pyrrolidone 2.0 g 

Disodium edetate 0.1 g 

Sodium chloride 0.9 g 

Benzalkonium chloride 0.005 g 

Sodium hydroxide suitable amount 



20 



30 



Sterile purified water up to 100 ml 



To sterile purified water was added the present compound, p-cyclodextrin, polyvinyl pyrrolidone, disodium 
25 "edetate, sodium chloride and benzialkonium chloride to dissolve them and the mixture was adjusted to pH 7.5 
with sodium hydroxide. Then, sterile purified water was further added to adjust the total volume to 1 00 ml, which 
was filtered using a 0.22 \xm membrane filter to obtain the desired composition for eye drops. 



Examples 17 and 18 



According to the same manner as that described in Example 16, the composition of Example 17 was 
obtained except that thimerosal (0.001 g) was used instead of benzalkonium chloride. Likewise, the composition 
of Example 18 was obtained except that boric acid (2.0 g) and borax (1.0 g) were used instead of sodium 
chloride and benzalkonium chloride in Example 16. 
35 The compositions prepared in Example 1 6 to 1 8 were filled into glass bottles and stored at 40°C for 1 month, 

respectively. Then, the formation of insoluble matter and stability of the present compound were tested and 
the results are shown in Table 5. 
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Table 5 

Stability test 



Example No. 
16 17 18 



10 



Formation of insoluble 
matter 



15 Residual content of the 
present compound (%) 



99.8 



99,2 



100 .1 



20 (Note) The symbols in Table 5 are the same as those 

of Table 3* 

As is seen from the above results, in either of Examples of 16 to 18, little formation of insoluble matter is 
25 observed. Further, any degradation of the present compound is scarcely observed and the composition is 
stable. 
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Claims 

1. A composition for eye drops comprising as a main effective component 3,4-dihydro-2,8-diisopropyl-3- 
thioxo-2H-1,4-benzoxazine-4-acetic acid or a pharmaceutically acceptable salt thereof and cyclodextrin. 

2. A composition according to claim 1, wherein the cyclodextrin is p-cyclodextrin. 

3. A composition according to claim 1 , wherein the concentration of the main effective component is 0.01 to 
1 WA/ %. 



40 



45 



4. A composition according to claim 1 , wherein the concentration of cyclodextrin is 0.005 to 5 WA/ %. 

5. A composition according to claim 1 , wherein the composition further comprises a water-soluble polymeric 
compound. 

6. A composition according to claim 5, wherein the water-soluble polymeric compound has a molecular 
weight of 5,000 to 5,000,000. 

7. A composition according to claim 5, wherein the concentration of the water-soluble polymeric compound 
is 0.2 to 20 WA/ %. 



50 8. A composition according to claim 5, wherein the water-soluble polymeric compound is a member selected 
from the group consisting of polyvinyl pyrrolidone, polyvinyl alcohol, hydroxypropylmethyl cellulose, car- 
boxypropylceltulose, hydroxyethyl cellulose, hydroxypropyl cellulose and sodium polyacrylate. 

9. A composition according to claim 7, wherein the water-soluble polymeric compound is polyvinyl pyrroli- 
55 done having an average molecular weight of 25,000 to 120,000. 

10. A composition according to claim 5, wherein the composition further comprises a chelating agent. 
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11. A composition according to claim 10, wherein the concentration of the chelating agent is 0.01 to 1 WA/%. 

12. A composition according to claim 10, wherein the chelating agent is a member selected from the group 
consisting of disodium edetate. sodium citrate and condensed sodium phosphate. 

5 

13. A composition according to claim 10, wherein the composition further comprises boric acid. 

14. A composition according to claim 13, wherein the concentration of boric acid is 0.2 to 4 WA/ %. 
10 Claims for the following Contracting States : ES and GR 

1. Method of preparing a composition for eye drops which comprises dissolving in water 3,4-dihydro-2,8- 
diisopropyl-3-thioxo-2H-1,4-benzoxazine-4-acetic acid or a pharmaceutically acceptable salt thereof 
together with cyclodextrin. 

15 

2. A method according to claim 1, wherein the cyclodextrin is -cyclodextrin. 

3. A method according to claim 1 , wherein acetic acid or salt component is dissolved in an amount of 0.01 
to 1 WA/ %. 

20 

4. A method according to claim 1, wherein the cyclodextrin is dissolved in an amount of 0.005 to 5 WA/ %. 

5. A method according to claim 1, which further comprises dissolving a water-soluble polymeric compound. 

25 6. A method according to claim 5, wherein the water-soluble polymeric compound has a molecular weight 
of 5,000 to 5,000,000. 

7. A method according to claim 5, wherein the water-soluble polymeric compound is dissolved in an amount 
of 0.2to20 W/V%. 

30 

8. A method according to claim 5, wherein the water-soluble polymeric compound is a member selected from 
the group consisting of polyvinyl pyrrolidone, polyvinyl alcohol, hydroxypropylmethyl cellulose, carboxyp- 
ropylcellulose, hydroxyethyl cellulose, hydroxypropyl cellulose and sodium polyacrylate. 

35 9. A method according to claim 7, wherein the water-soluble polymeric compound is polyvinyl pyrrolidone 
having an average molecular weight of 25,000 to 120,000. 

10. A method according to claim 5, which further comprises dissolving a chelating agent. 

40 11. A method according to claim 10, wherein the chelating agent is dissolved in an amount of 0.01 to 1 W/V%. 

12. A method according to claim 10, wherein the chelating agent is a member selected from the group con- 
sisting of disodium edetate, sodium citrate and condensed sodium phosphate. 

45 13. A method according to claim 10, which further comprises dissolving boric acid. 

14. A method according to claim 13, wherein the boric acid is dissolved in an amount of 0.2 to 4 WA/ %. 
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